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Summary 

The Swedish industry uses large volumes of compressed air. The compressed air process is 

energy intensive and creates large amounts of excess heat. It is therefore important to utilize 

the excess heat, optimize the operation of the compressors and to have a regular maintenance 

on the system. This thesis is a pre-study to make a compressed air system energy efficient and 

is done in collaboration with Ljunghäll AB. Ljunghäll AB is one of Northern Europe's leading 

die casting companies and are located in Södra Vi, Sweden. The purpose is to describe and 

map the compressed air system in the old part of the facility in Södra Vi. The thesis will also 

give an explanation of how Ljunghäll AB can improve the compressed air system. Provide 

them suggestions for energy savings and lower the environmental impact of production. The 

objective of the thesis is to create an understanding of how improvements in the compressed 

air system can be done by studying the operation, compressor, pipe system and leak detecting. 

The economic aspects of the solutions together with the effect of noise and engine operation 

of the compressors have not been taken into consideration. To reach improvement measures a 

visit to the facility in Södra Vi was made, where measuring and mapping was executed and 

then compared with earlier studies and literature. The conclusions of the thesis show that 

Ljunghäll AB has a good operation and control of the compressors, through the variable speed 

drive and steering system. It also showed that the choice of the existing compressors are good 

for their compressed air usage. The study also resulted in the following suggestions for the 

energy efficiency and lowering of the environmental impact of production at Ljunghäll AB’s 

compressed air system: Water heat recovery, replacement of old pipes, cover the leakage, 

regular maintenance of compressors and fittings, training in compressed air for workers, 

centralized compressor central and sectioning of the pipe system. 

Key words: Compressed air system, energy efficiency, operation, compressor, pipe system 

and leak detection. 
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Swedish summary 

Den svenska industrin använder stora mängder tryckluft. Tryckluftsprocessen är 

energikrävande och skapar stora mängder spillvärme. Det är därför viktigt att ta till vara på 

spillvärmen, optimera driften av kompressorerna och ha ett regelbundet underhåll av 

systemet. Det här examensarbetet är en förstudie för att göra ett tryckluftssystem mer 

energieffektivt och är gjort i samarbete med Ljunghäll AB. Ljunghäll AB är ett av norra 

Europas största press-gjutningsföretag som är beläget i Södra Vi, Sverige. Syftet med 

samarbetet är att beskriva och kartlägga tryckluftssystemet i den gamla delen av fabriken i 

Södra Vi. Projektet ska även att ge en förklaring till hur Ljunghäll AB kan förbättra 

tryckluftssystemet. Samt ge dem förslag för att öka energibesparingarna och minska 

miljöpåverkan från produktionen. Målet med projektet är att skapa en förståelse för hur 

förbättringar på tryckluftssystemet kan göras genom att studera drift, kompressor, rörsystem 

samt läcksökningar. De ekonomiska aspekterna för de nämnda lösningar tillsammans med 

effekten av ljud och motordriften av kompressorerna har inte tagits hänsyn till. För att komma 

fram till förbättringsåtgärderna besöktes anläggningen i Södra Vi, där mätning och 

kartläggning gjordes, som sedan jämfördes med tidigare studier och litteratur.  Slutsatserna av 

examensarbetet visar att Ljunghäll AB har god drift och kontroll över kompressorerna genom 

varvtalsstyrning och styrsystem. Det visade även att valet av befintliga kompressorer är bra 

för deras tryckluftsanvändning. Studien resulterade i följande förslag för Ljunghäll AB för att 

göra tryckluftssystemet energieffektivare och ge en mindre miljöpåverkan: Vattenburen 

värmeåtervinning, utbyte av gamla rör, läckagetätning, regelbundet underhåll av 

kompressorer och kopplingar, utbildning inom tryckluft för arbetare, centraliserad 

kompressorcentral samt sektionerna rörsystemet.  

Nyckelord: Tryckluftssystem, energieffektivisering, drift, kompressor, rörsystem samt 

läckagesökning.  
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Nomenclature 

If nothing else is specified in the text, the following symbols are used: 

p = Absolute pressure [Pa] 

T = Absolute temperature [K] 

𝑓 = Darcy-Weisbach friction factor 

𝑉 = Volume [m3] 

𝑣 = Velocity (m/s) 

𝐷 = Inner pipe diameter [m] 

𝑑 = Inner pipe diameter [mm] 

𝐿 = Length of the pipe [m] 

𝑄 = Quantify of heat [J] 

𝑚 = Mass [kg] 

𝑅 = The gas constant = 8.314 [
𝐽

𝐾 𝑚𝑜𝑙
] 

𝐶𝑝= The specific heat at constant pressure [
𝐽

𝑘𝑔 𝐾
] 

𝐶𝑣= The specific heat at constant volume [
𝐽

𝑘𝑔 𝐾
] 

𝑘 =  
𝐶𝑝

𝐶𝑣
⁄  = The isentropic exponent 
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1. Introduction 

In the introductory chapter the compressed air is presented along with another study on a 

compressed air system. The background is then followed by presenting of the company this 

thesis is edified on. That will lead to the purpose and objective, question formulation and 

finally the delimitations. 

1.1 Background 

The Swedish industry uses large amounts of electric energy in their compressed air 

production. Currently, about three percent of the total electricity production in Sweden is used 

for compressed air which is equivalent to 1.7 TWh electricity. Air compression is a highly 

energy intensive process that also generates large amounts of excess heat. Therefore the 

excess heat, optimized operation of the compressors and a proper maintenance become 

mandatory factors to take care of, for having a compressed air system that would not become 

a major burden on the economy. This means that the excess heat needs to be recovered, by the 

ventilation system or the hot water system. For the optimized operation of the compressors it 

is meant that the compressors are used at the time they are actually needed and are working at 

the right pressure level. A proper maintenance of the compressed air system, such as leakage 

searching, changing filters in the system and a regular maintenance on the compressors, is 

making sure that the components in the compressed air system get a longer technical lifetime 

and that they are working correctly [1]. 

There have been studies on compressed air systems and their energy usage on other 

companies before. One successive example is Industry Park of Sweden. The study was made 

by Industry Park of Sweden which is the industry park at Kemira Kemi AB, located at the 

town of Helsingborg, in the prefecture of Skåne. Industry Park of Sweden is a collaborating 

partner for companies, so that the companies located within the park can concentrate on their 

own core business while the Industry Park of Sweden take care of, and builds a way of 

distributing the needed system of production media around the industrial area, in the best 

possible way. It was this urge, for finding the best possible way to distribute the compressed 

air that made them take a closer look at the compressed air system within the park [2]. 

Before 2010 the industry park at Kemira Kemi AB, had no centralized compressor central. 

There were several smaller compressors, around 20 units, scattered everywhere around the 

industrial park and none of them had variable speed control. This had led to high maintenance 

costs and large load losses. The consumers at the industry park and their awareness of how 

much air that was actually used were generally low. The reason for this may have been caused 

by lack of interest in compressed air system and the knowledge about how much it really cost 

to compress the air. 

So in 2010 the Industry Park of Sweden built a single centralized compressor system with a 

few larger compressors, one of which has variable speed drive. The excess heat recovered 

distributes to Helsingborg’s district heating network, and measurements of both the use of 
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electricity and total production volume of compressed air are made. This makes it possible to 

determinate the efficiency of the plant (kWh/Nm3). 

Industry Park of Sweden have also changed the distribution system by installing larger pipes, 

which lead to lower pressure drop in the distribution network, which lead to decreased 

demand of total system pressure by one bar. This means that it takes less electricity per Nm3 

produced compressed air. All consumers were also handed a flow meter to get an eye on how 

much air that is used during the day, at all hours. That made it possible to check if the air was 

consumed during the time when the plant was not running, by taking up a historical graph 

from the flow meter. If the graph shows that air is consumed during the time the plant was not 

running, it is a sign of leaks in the system. They also perform regularly leak searches to find 

leaks. After the installation of the flow meter, most of the consumers at the industry park 

could reduce their air usage. All this meant that they could save approximately 1.4 million 

SEK a year in electricity consumption [2]. 

1.1.1 Ljunghäll AB 

This thesis is built upon Ljunghäll AB’s compressed air system. Ljunghäll AB was founded in 

1917 and is one of Northern Europe’s leading companies and the largest in Sweden, in die 

casting and machining of aluminum. They are located at the town of Södra Vi, in the 

prefecture of Småland. Ljunghäll AB has an annual turnover of over one billion SEK and a 

total of 750 employees. They are suppliers to companies like Renault, Audi, Jaguar, Ericsson, 

Scania and Volvo among many others. The facility in Sweden have a demand of 2.8 GWh for 

their compressed air system, which is equivalent to a cost around 2 million SEK a year. In this 

case the compressed air is mostly used for the Computer Numerical Control–machines, robots 

and clearing the new products from metal chippings that can occur during the making of the 

product [3].  

Ljunghäll AB also have operations in the Czech Republic and have begun with the start-up of 

a factory in China. Ljunghäll AB specializes in large parts to heavy vehicles, like gearbox 

housings, bedplates and flywheel housings. For passenger cars, they specialize in products 

with high volume such as gearbox parts, bedplates, camshafts housings and structural parts. 

They also have production of telecom parts [3]. 

Ljunghäll AB have no centralized compressor installation in the facility because they have 

been expanding on different occasions since the start in 1917. This is one reason that they do 

not have a clear overview on their pipe system and leakage in the facility, and also the overall 

energy use of the compressed air system. Ljunghäll AB have also a hot water demand for tap 

water. 

1.2 Purpose and objective 

The purpose of this thesis is to describe and map the compressed air system in the old part of 

the plant in Södra Vi. The thesis will also provide an explanation of how Ljunghäll AB can 

improve the compressed air system. Finally the thesis will give them suggestions on how they 

can improve the system, for energy savings and lower the environmental impact of 



3 

 

production. The objective is to provide Ljunghäll AB an understanding of what can be done to 

improve the compressed air system in the facility under the following paragraphs: 

 Operation 

 Compressor 

 Pipe system 

 Leak detection 

1.3 Question formulation 

 How can improved operation make the system more energy efficient? 

 Which measure can be done on the compressors to create energy efficiency? 

 How can the pipe system be improved, with help from mapping of the system, for more 

energy efficiency? 

 How can leakage detecting affect the energy usage and the environmental savings? 

1.4 Delimitations 

The economic aspects of the mentioned solutions along with the effects of sound and motor 

operations in the compressors are excluded. 
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2. Theory summary 

The theory summary gives the reader an insight about compressed air systems. The chapter 

also summarizes the operation, compressor, pipe system and leak detection. Deeper 

knowledge of compressed air systems is reached in attachment 1, Theory of compressed air 

systems. 

Pneumatics which also can be seen as compressed air technology has a great range of usage. It 

can be as simple as blowing dust off from newly manufactured components or be used in 

different air tools etc. A pneumatic system often consists of compressors, a regulation system, 

exterior components such as air filters, cooling systems, silencers and a big network of 

different pipelines that transports the compressed air around the facility, and much more [4]. 

A pneumatic system includes three different groups. The first group is usage, it includes the 

consumers in the form of equipment that uses compressed air to perform a useful work. In the 

second group, distribution, which includes the pipeline with four major parts: riser, 

distribution and service pipes and finally pneumatic fittings. The third and final group is 

production, this includes what it is for type of compressor and associated air treatment 

components [1]. 

The regulation method is done by using a control system for all the compressors in the facility 

which can provide a reduced energy usage in the compressed air system. Because it 

contributes optimization for the entire system, to operation and pressure. The control system 

can also connect the compressors in the plant, leading to a lower pressure band which in turn 

can lead to an exceeded lifetime for the compressors [5]. 

The compressor is a machine that is made for increasing the pressure of a gas, which also 

increases the density of the gas. That is the primary difference between fans and compressors. 

Alvarez [6] explains that when the gas passes a fan, its density is considered constant. It is the 

density change that is caused by the compressor that make the gas other conditions to change. 

Which leads to, the thermodynamics laws must be used when calculating the compressor 

work. There are five theoretical ways of compressing air and they are isobar, isochore, 

isothermal, isentropic and polytropic [6]. 

A problem for the compressed air system is to determine the right pipe size for the system. 

The first thought can be that a larger pipe is the way to go for minimizing the pressure drop. 

This is right thinking but also a little bit dangerous. Because when installing the larger pipes, 

the compressors will have a larger volume to cover. The extra volume will then go to waste 

during shutdowns. For compromising this problem a reasonable solution needs to be found, 

taking account to the acceptable pressure drop at the point of use [7]. 

The air leakage in a compressed air system is very common. By analyzing the routines and the 

use of compressed air in a factory, suggestions can be found for providing a more balanced 

load on the system. The usual dissipation of air is from leakage, old equipment and a misuse 

of the compressed air etc [8] [9]. 
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3. Method 

In the method the thesis line of approach is presented. The procedure of extracting 

information about compressed air systems will be presented along with the search for 

literature and data, measuring, the processing of collected data. The method will then be 

completed with the reliability of the thesis.  

3.1 Procedure 

Figure 1 is the overall research process this thesis is built upon. 

 

Figure 1. Shows the research process from our own interpretation. 

Initially contact was made with Ljunghäll AB. They wanted to get a new identification for the 

compressed air system and suggestions for new savings methods on their system. At first a 

time schedule on how the process of the thesis was going to be planned was created, to make 

it easier for ourselves and our supervisor, to follow how the progress was going. The time 

schedule showed the overall key moments in the process of the thesis, such as what week we 

should have completed some specific milestone on the project. Then, to gain a greater 

understanding of the area, information about compressed air system was studied. Information 

from their monitoring system on the compressors, has been obtained and studied. With 

information and knowledge gathered a new visit to the site was made. Information regarding 

how the identification was achieved, can be seen under the heading, measurements. After a 

week of observations on the factory, a satisfactory amount of data had been gathered. The 

data and measurements was then connected together with the theory of compressed air, in 

order to present possible proposals for Ljunghäll AB. 
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3.2 Literature and data searching 

The data this thesis was built on, comes from Ljunghäll AB’s pneumatic system and the 

installed monitoring system they have. From the monitoring system it was possible to extract 

statistics on how the pneumatic system and its components were working and how they have 

been working for the past 13 month. The information about what kind and how many 

compressors they have, also what kind of dryers and other equipment there is, was extracted 

from this monitoring system.  

To get a proper overview on how their pneumatic system is dimensioned and designed, maps 

of the facility have been studied. There have also been visits to the facility for tracking down 

how the pipes are placed around the facility. The pipe length and diameter was taken during 

the visit. Interviews with workers from Ljunghäll AB was made.  

The information gathered about the fundamental and essential in compressed air systems, 

have been extracted from searches on databases, literature and contact with people whom are 

competent in the field of compressed air. The databases Google and Sciencedirect have been 

used, using search terms such as, “Pneumatic systems” and “Compressed air system” etc. This 

was complemented with interviews with people at Atlas Copco who have been working with 

the compressed air system at Ljunghäll AB and have extensive knowledge in the field. That 

gave important knowledge about what could be inspected more closely and what kind of 

literature to look into. Such as “Compressed Air Manual 7th edition” and “Pneumatic 

Handbook”. 

3.3 Measuring 

An electric length meter and a folding rule was used for determinate the pipe length and 

diameter. By using the electrical length meter with laser beam, and following the pipes with 

our sight, through ladder, staircase, walls, working stations etc. the total length of every pipe 

around the old part of the facility could be measured. The folding rule was for the measuring 

on the map and thickness of pipe diameter. The numbers of different elbows and bends in the 

facility was taken during the mapping of the system with some help from workers at the 

different working stations. 

To gather the information about the leakage in the system a device that uses ultrasound 

(Superior AccuTrak® VPE-1000 with accessory with headset moulded) was used on a day 

when the surrounding sound in the facility was lower than usual. The device just makes it 

possible to hear where it is leaking not determinate how much. Thereafter a table on how 

many nozzles, couplings and other components that were leaking was made. 

3.4  Processing of collected data and measurements 

To find out what interferences like valves, changes of flow direction through bends and cross-

section changes affect the pipe system, Atlas Copco's theories was used. It works that every 

insertion of a fitting or bend increases the pressure drop. That is then equivalent calculated to 

the pressure drop that would appear in a straight pipe length, with the same diameter as the 
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fitting. Afterwards the equivalent length of the fitting was added to the already measured 

length. That gave the total length of the pipes in the system. 

For the leakage calculation, the air flow profile that was given from Atlas Copco on Ljunghäll 

AB’s compressed air system has been studied. The usual thing to do for detecting the leakage 

is to look at the flow profile at a time period when the factory is unloaded. Because then the 

compressors are only working for covering the leakage in the system. To perform an 

estimation for the leakage, the lowest needed air flow is studied. That appears when the 

production is at its lowest, which almost makes the lowest air flow their total air leakage. 

To get the environmental aspect, the carbon dioxide in grammes per kilowatt hour in 

produced electrical power has been determined. The first thing was to see how much electrical 

power that could be saved and then convert that into saved carbon dioxide emissions. The 

saved emissions in the factory in Sweden are compared with Czech Republic and China. For 

their own specific carbon dioxide emissions in the production of electric power.  

3.5 Reliability 

In this method there are some issues of precision that needs to be considered. In the mapping 

process there can occur some differences in the reality from our map over the pipe system. 

This is because pipes disappear into the walls or floor and nobody know were the pipes are 

led. To overcome this obstacle some assumptions occurred which may affect the results. 

The result of the leakage in the system is also something that can be measured in another way 

than in this thesis. But when production in the factory is running the whole day it is not 

possible to do it in another way. It could been done in a way of pressurize the whole system 

and when there is no production, see how much the compressors are operating. In that way the 

energy use for covering leaks can be calculated directly. But due to the lack of measuring 

instruments and time for letting the production stand still an assumption was made. This 

assumption can make the answer a little unreliable, because the electric energy that is used for 

making the air flow that is leaking can be different for Ljunghäll AB’s compressors. But it can 

be a good way of giving a hint of how much the leaks affect for them, even if it is not based 

directly on their compressed air system. For the amount of leakage in the system there is also 

a factor to take into consideration and that is the flow profile is old. The leakage detection that 

was done, should also be taken with some consideration in mind. It needs to be quiet in the 

surroundings when doing this, which it was not. 

The literatures this thesis is built upon is critically examined and so is its credibility. Much 

information comes from companies that are working with compressed air. The explanation for 

that is, working with compressors gives a greater understanding of them. Because even the 

Swedish Energy Agency bases information from the company Atlas Copco in their report 

“Krav på tryckluftssytem – Requierments for compressed air systems”.  There were also 

people working with compressed air systems that gave this to be a reliable source of 

information. 
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4. Collected data 

In this chapter the readers can peruse the information reached by the thesis studies at 

Ljunghäll AB. Initially varies information about Ljunghäll AB is presented along with a map 

over the factory. Thereafter the reader can obtain the collected data of their operation, 

compressors, pipe system and leak detection. 

4.1 Ljunghäll AB 

Ljunghäll AB has been expanding since the start in 1917 and therefore the facility is divided 

into two different parts (A new and an old part). Figure 2 shows the overview of the older part 

of the facility in Södra Vi. The black lines are the main pipe system, which distributes the 

compressed air in the building. The blue cross is a room containing different compressors and 

dryers. There are three more compressor rooms in the facility which are in the other parts of 

the building and not seen in Figure 2. 

 
Figure 2. Map over Ljunghäll AB’s older part of the factory and its main pipe system. 

The compressed air system contains seven oil-injected rotary screw compressors divided 

differently in these four compressor rooms. The main pipe system is distributed out into 

smaller service lines, up to the point of use. The following will be explained: Operation, 

compressor, pipe system and leak detection. 

4.2 Operation 

The factory in Södra Vi have production in the facility for 48 weeks in a year. The production 

is also on during the night and weekend. Therefore, the compressed air system at Ljunghäll 

AB is always pressurized at all times. The compressed air is used for different pneumatic 

tools such as blowers and drills. It is also aimed for robots and the CNC-machines. After 

observations in the factory, it shows that there are some parts in the facility that are not used 

during the weekend, but it is still pressurized. The operating pressure in the factory is at 6.7 to 
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7 bar, the pressure has recently been increased in the system due of a robot that is in a need of 

a higher pressure. The increase of pressure was 0.4 bar and the robot has a demand of 5.5 to 6 

bar. 

The total energy use for Ljunghäll AB’s production of compressed air is about 2.8 GWh and 

this results in a cost around 2 million SEK a year. This would have been higher if not the 

company Atlas Copco would have done an analyzis on the compressed air system at 

Ljunghäll AB. That was done by logging the flow of compressed air continuously during a 

week for making a flow profile to study. The analysis was made for making the operation on 

the compressors more energy efficient. So on the eleventh January at 12:44 to the 18 January 

12:44 in 2011 Atlas Copco made this logging, and the resulting flow profile is seen in Figure 

3. 

 

Figure 3. Flow profile at Ljunghäll AB. 

It shows the compressed air flow that is consumed during the production during a whole day, 

each day got an own color. As seen in the figure the highest demand of flow is 1400 l/s and 

the lowest is around 300 l/s. The white line that divides the flow profile in to smaller sections 

is for dividing the operations of the compressors. At the bottom there are two compressors 

working the whole time to cover the base load. When the first line or section are reached an 

extra compressor will be connected to the compressed air system, and continues for every new 

section that is reached. The compressor that works with the demand is the compressor with 

variable speed drive. This is the best possible way to operate a compressed air system with 

several compressors working during the day, preferred by Atlas Copco.  
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4.3 Compressor 

This is the types of compressors that Ljunghäll AB use, along with the operating pressure 

level for the compressors. 

Table 1. The types of compressors that Ljunghäll AB have in their compressed air system 

Compressor Classification Pressure in bar 

1 GA 75 Elek 7.4 

2 GA 75 Elek    7.4 

3 GA 75 + Elek  9.1  

4 GA 75 + Elek 9.1 

5 GA 90 Elek 9.1 

6 GA 90 VSD 13 

7 GA 1108 8 

 

The compressors at Ljunghäll AB are in the type GA, which is oil-injected rotary screw 

compressors. There are a total of seven compressors. One has variable speed drive the others 

are on- and offload controlled. Despite being divided into four different rooms. The 

compressors are regulated by a master control system for making the operation of the 

compressor as optimal as possible. The cooling system in the compressors are air cooling. For 

making the compressed air system more energy efficient the excess heat is recovered through 

the ventilation system, when the surrounding rooms is in a need of heating. One of the 

compressors is prepared for taking care of the excess heat through the water heating system 

but that opportunity is not used. Ljunghäll AB is a die casting company which is the reason 

that they have large furnaces in the factory. That allow the formation of a lot of extra heat in 

the facility. This makes the recovered heat from the compressors to the ventilation system to 

be used less. 

 

4.4 Pipe system 

The compressed air is distributed by a ring main system. When new robots and buildings have 

been installed, the pipes have just been added so that they are interconnected with the place 

that needed air. In the newer part of the factory at Ljunghäll AB a standard for the main 

piping system has been introduced, and that standard is a steel pipe with the outer diameter of 

110 mm. The older part of the factory have no decided standard. There were almost a 

different diameter for every room. Therefore, the piping system in the old part of the factory 

was mapped, Table 2 shows the total length of every different pipe diameter in meters.  
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Table 2. Shows the total pipe length of every diameter in the system 

Inside pipe diameter in mm Meters 

100 469 

85 35 

80 202 

65 40 

60 64 

55 6 

50 1061 

40 112 

35 265 

30 66 

25 776 

20 227 

15 198 

One thing to note when seeing the result in Table 2, is the inside dimension 50 which is 1061 

meters. The smallest diameters 15 to 25 are also rather long and the factor behind that is that 

around robots and machines the bigger dimensions could not operate because of the lack of 

space. Further information about the pipe system is that every workstation has some kind of 

pneumatic tool for processing of the products. 

4.5 Leak detection 

Another parameter that was checked was the leakage in the compressed air system at the 

factory. Ljunghäll AB have little knowledge on how much leaks there is in their system and 

what the cost is for that leakage. Some of the workers think that there is one compressor 

covering the leakage all the time, therefore a measurement of the leakage was performed. The 

result of that is seen in Table 3. The amount of air that is leaking could not be extracted, just 

were it was leaking. Therefore is Table 3 divided into different categories and shows how 

many nozzles, couplings and pipes etc. that are leaking air in each room.  

Table 3. Result of the leakage detection 

  Nozzles Couplings Pipes/Hoses 

Machines / 

components 

Room A 

 

2 

  Room B 

 

15 

 

5 

Room E 

 

7 

 

2 

Room H 

 

2 

 

1 

Room I 1 2 2 4 

Room J 5 15 3 1 

Room K 2 19 2 1 

Room L 

 

2 4 2 

Room M+G 

 

18 4 3 

Room P 

  

2 1 
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The result of the leakage search, Table 3 shows how many items for each category that 

leakage was detected from in different rooms in the factory. In room B a certain margin of 

error will be, because the production was running and there was a lot of noise in the 

surroundings. In room A, it was almost impossible to detect any leakage because of the loud 

noise. 

Table 4 shows the result of how much energy it will take to cover a specific hole with 

different size diameter, if all the holes have the same size. It is based on production for 48 

weeks in a year. 127 are the total of components that is leaking, if all the components from 

Table 3 are bound together. 

Table 4. Power to cover the leakage 

Combined 

components that are 

leaking 

Size on the 

hole [mm] 

Power for 

covering the 

leakage [kW] 

The total energy for 

covering the leaks during a 

year [MWh] 

127 0.5 7.62 61 

127 1.5 68.58 553 

127 3 266.7 2151 

127 6 1066.8 8603 

Table 5 is the result of the total carbon dioxide emission in the produced electrical power in 

Sweden, Czech Republic and China. 

Table 5. Emissions in produced electrical power 

Emissions in produced electrical power[grammes CO₂/kWh] 

Sweden 21 

Czech Republic 589 

China 771 

Table 6 shows the environmental impact in total carbon dioxide that is released for covering 

the amount of leakage for every size diameter on the holes, and for each country that 

Ljunghäll AB have operations running in. It is also based on, that every diameter on the holes 

and the amount of places leaking is the same, combined with Table 4 and Table 5. 

Table 6. How much CO2 - Emissions there will be to cover the leakage for each and every 

country 

Size of the 

hole [mm] 

Energy for 

covering leaks 

[MWh] 

Total in 

Sweden 

[tonnes CO₂] 

Total in Czech 

Republic    

[tonnes CO₂] 

Total in 

China 

[tonnes CO₂] 

0.5 61 1.3 35.9 47.0 

1.5 553 11.6 326 426 

3 2151 45.2 1267 1658 

6 8603 181 5067 6633 
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5. Discussion and result of data 

In this section, the collected data will be discussed and analyzed for finally reaching out into 

possible improvement measures there are to do on Ljunghäll AB's compressed air system. The 

data will be connected with studies and literature from attachment 1, Theory of compressed 

air systems. Cost aspects of the improvements that is presented are not included. If the reader 

wants to look closer at a specific subject that is brought up in this section the attachment 1 is 

recommended to look at. 

5.1 Operation 

The first thing that makes the efficiency of the operation necessary, is that Ljunghäll AB 

always is in production. This will make it more essential to have a good operation of the 

compressors. To make the operation better, a master control system is needed, so that the 

collaboration between the compressors is satisfying in the system. To look at the collaboration 

at Ljunghäll AB’s factory, Figure 3 can be studied. It shows that the compressors are divided 

into different stages, so when the demand of air flow is more than the first stage a further 

compressor is connected to the system without any problem. This means that the system is 

used at its optimum because when the flow is at its lowest, only the needed compressors are 

operating. Information from Atlas Copco says that the operation at Ljunghäll AB is at the best 

way possible for their situation. 

The pressure interval at Ljunghäll AB is also good. It should be kept in that way because a 

pressure interval of 0.3 bar is good for the compressors. But a thing that can be looked into is 

that they should not have this high pressure. In a factory there is usually a pressure at 7 bar. 

Information gathered at Ljunghäll AB, they said that they have recently increased the pressure 

in the system. The pressure had been raised for the entire system, only for one machine. This 

solution may not be the optimal way to go. Instead, an accumulator tank could have been 

installed with the right demands for the machine. Due to an accumulator tank could raise the 

pressure for that specific machine, instead of making the pressure higher in the whole system. 

Another thing to look into in this specific problem is that the machine needs the pressure 

between 5.5 and 6. The compressors are nowadays working in the pressure interval between 

6.7 and 7, this shows that it can be a pressure drop in the system. The pressure drop will be 

further discussed in the section, pipe system. 

If the flow profile in Figure 3 is restudied, it shows which day the demand of flow is highest 

and lowest. To analyse that with the observations that was done during the week at Ljunghäll 

AB. It shows that from Friday at about 14:00 the production and the need of flow is reduced 

and continues through the weekend. The factory is still pressurized and this will lead to 

unnecessary pressure drop and leakage in the rooms that are not used. The solutions for this 

can be to do some sectioning in the factory, for different rooms, then only the sections that are 

used are pressurized. That will save the compressors for operate in vain.  
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5.2 Compressor 

The master control system for the compressors would not operate as well, if it were not for the 

compressor that has variable speed drive control. Because the positive thing with this is that it 

works for keeping the pressure stable at all times regardless of the current flow demand. This 

is also a good control of the compressor, if the type of compressors that Ljunghäll AB have 

operating is analyzed. The rotating screw compressor can then be used at the optimal way, 

with the variable speed drive. This kind of compressor has also good operation in the pressure 

interval and the amount of operation time that the compressors are working in at Ljunghäll 

AB. It would not be an option to invest in piston compressors, because if the operation time at 

Ljunghäll AB is taken into consideration they need up to 100 percent load rate. For an air 

cooled piston compressor it should not exceed a 60 percent load rate. Therefore is the rotary 

screw compressor with variable speed drive the most optimal for Ljunghäll AB, also because 

they have large fluctuations of air demands during the day. 

The compressors generate excess heat. For making the compressed air system more efficient, 

is to look at the option of recovering the heat through the hot water system. The recovering 

through the ventilation system that is the option today have some weaknesses. Because 

Ljunghäll AB is a die casting factory and has in itself excess heat available from the blast-

furnace and similar. This will make the use of recovered heat less important, thus the need of 

heat in the other rooms is covered by the blast-furnace. Another factor that may bring the 

efficiency of the heat recovery down, is that during the summer the need of heating is less 

because of the heat in the surroundings. This could be more efficient if the heat was recovered 

through the hot water system. Because the hot water demand is the same all year around, and 

that will make the recovered heat to be used more. Ljunghäll AB have a hot water demand, so 

instead of buying a solar collecting system, a heat exchanger for the compressors to the hot 

water system should be a solution. That could bring up the efficiency of the total compressed 

air system. It is also the recommendation that comes from the Swedish energy agency that the 

compressors should be prepared for liquid heat recovery.  

At Ljunghäll AB the compressors are scattered in groups in the factory, this can have some 

explanations. It is often build in this way to prevent any pressure drop in compressed air 

system with large area to cover. The compressors are then placed at the point furthest from the 

other compressor. Another explanation is that some machines need more stable supply of flow 

and pressure. But in this case it is more likely that it is for covering the possible pressure drop. 

One negative thing about decentralized system is the possibility to recover the excess heat 

from the compressors, which can be greater in a centralized system. The centralized system is 

also good for operating with a high load factor because the installed compressor capacity can 

be lowered. This can lead to energy savings for processes that have diverse patterns of use. It 

is also easier to prevent the condensation in the system. To convey more information that a 

centralized system is to prefer, look at the advantages it gave Industry Park of Sweden. For 

them it was the same problem as Ljunghäll AB have, but in a larger scale. There were 

compressors scattered around the area. The solution they came up with was to invest in a 

fewer compressors with a higher capacity and gather them into one centralized system. The 

result of that was energy savings and increased heat recovery. 
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5.3 Pipe system 

The pipe system at Ljunghäll AB is large because they are using compressed air at every 

working station. That is not a problem for Ljunghäll AB. It is the lack of how the pipe system 

is spread around the factory. It feels like the new pipes have been installed without 

consideration due to no earlier map over the pipe system. This could also be because of the 

time it would take for analyzing the possible side effect of the added pipe, would have 

delayed the installation of, for example a new robot. It could have resulted in a loss of income 

until the installation was done. But it is very good to have a ring main system, this lack of 

knowing is compensated because of the ring main system they have. This will make the 

pressure drop more spread around the factory instead of being in a specific place in the 

factory. However the pressure drop is still there in the factory, the machine that requires a 

higher pressure. Which was mentioned previously under the operation paragraph, is the sign 

of the pressure dropping in the system. This can have its factors from the older part of the 

factory. Table 2  shows the length of every pipe diameter in the factory. The most optimal 

way of distributing the compressed air should be a bigger diameter and newer pipes. The 50 

mm pipes are probably a reason for the pressure drop. The solution Ljunghäll AB has done in 

the newer part of the factory, should be done in the older part as well. To keep the main pipe 

system at 110 mm outside diameter should contribute to a lower pressure drop. Another 

reason for changing the pipes in the older part of the factory is that they are old steel pipes. In 

compressed air system it can occur water in the system, which will eventually make the steel 

corrode. That will make a higher pressure drop in the whole system because of the ring main 

system. The pipe diameter and the possible corrode in the pipe system will be two factors that 

will have a significant part in the pressure drop. If the Darcy-Weisbach formula is studied, the 

higher friction factor, f combined with a smaller inner diameter, D will make the pressure 

drop more significant. The friction factor gets higher in old pipes. Unnecessary pressure drop 

will make the compressors work in a higher pressure interval than intended, for covering the 

pressure drop. Industry Park of Sweden is a good example to look at, they invested in new 

larger pipes, which made it possible to lower the total pressure interval in the whole system 

with one bar. 

∆𝑃 =
𝜌 ∗ 𝑓 ∗ 𝐿 ∗ 𝑣2

2 ∗ 𝐷
 

5.4 Leak detection 

The leakage in a compressed air system is always a problem because of the high energy usage 

in compressing air, as seen in Figure 6. There is always an economic incentive to seal leaks 

and get the compressors to work less. To get a knowhow about the leaks in the system, the 

flow profile in Figure 3 can be studied. It is old, but they have not done anything since that 

time, and the leaks will not get smaller as the time goes by. It is more of the opposite way. At 

the lowest point of use which is at 300 l/s it can it be assumed that about 50 l/s is to the 

production and the rest is for covering the leaks in the system. This kind of leakage is 

resulting in that there is one compressor working for covering the leakage in the system. To 
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get a more realistic view of the leakage today, Table 3 along with the result of what electric 

power losses there are due to leaks can be studied. They show that the energy for covering the 

leak also have a great impact on the environment as well.  Even if the holes are in the smallest 

diameter, the amount of leakages found will make an unnecessary emissions of 1.3 tonnes 

carbon dioxide for Ljunghäll AB in Sweden. This can be solved with more maintenance on 

the system, such as leak searches, fixing fittings, filters and the compressors. The maintenance 

on the filters can provide a lower pressure drop in the system which also make the leaks 

lesser. There can also be good to let the workers know what the compressed air cost so if there 

should be any leakage at their working station.  They can fix it directly or let the maintenance 

personal know, so they can buy new equipment. Giving the personal knowledge about 

compressed air will also contribute to lower misuse of the air. This should also be applied on 

the facilities in Czech Republic and China, because the carbon dioxide emissions in those 

countries are higher than it is in Sweden. 
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6. Conclusions 

To answer our initial question and related purposes, we will in this chapter present our 

conclusions by starting from the overall problem formulation. This will end in showing the 

key conclusions of the collaboration. Followed by suggestions for further studies. 

The purpose of this thesis is to describe and map the compressed air system in the old part of 

the plant in Södra Vi. The thesis will also provide an explanation of how Ljunghäll AB can 

improve the compressed air system. Finally the thesis will give them suggestions on how they 

can improve the system, for energy savings and lower the environmental impact of 

production. The objective is to provide Ljunghäll AB an understanding of what can be done to 

improve the compressed air system in the facility under the following paragraphs: 

 Operation 

 Compressor 

 Pipe system 

 Leak detection 

Based on these thoughts and ideas have the following questions been formulated: 

- How can improved operation make the system more energy efficient? 

- Which measure can be done on the compressors to create energy efficiency? 

- How can the pipe system be improved, with help from mapping of the system, for more 

energy efficiency? 

- How can leakage detecting affect the energy usage and the environmental savings? 

The following conclusions are made on Ljunghäll AB for making their compressed air system 

more energy efficient and to create lower environmental impact: 

The conclusions on Ljunghäll AB and their compressed air system is that they have a good 

operation and control on the compressors. The selection of compressors is also good for their 

type of usage. But for Ljunghäll AB and their compressed air system the following 

suggestions are:  

 Operation 

- Sectioning in the pipe system, so that the compressors do not operate in vain. 

 Compressor 

- Waterborne heat recovery, to cover the water heat demand. 

- Centralized compressor room, for increasing the heat recovery. 

 Pipe system 

- Change the older pipes, to make a lower pressure drop. 

 Leak detection 

- Cover the leakage, so that the compressors do not operate in vain. 

- Regular maintenance on fittings and compressors, for longer technical lifetime.  

- Education in compressed air for workers, unnecessary usage and cover leakage.  



18 

 

6.1 Suggestions for further studies 

Our thesis is a pre-study on Ljunghäll AB’s compressed air system, therefore it can be good to 

examine the conclusions more closely. To find out the real efficiency for all the suggestions it 

is to do in their system. Furthermore, this thesis does not bring up anything with the electrical 

motors and such. This could be good to look at because the efficiency in an electrical motor is 

higher than the compressor. 
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Attachments 

Attachment 1. Theory of compressed air systems 

The fundamentals of compressed air 

Pneumatics which also can be seen as compressed air technology have a great range of usage, 

it can be as simple as blowing dust off from newly manufactured components or be used in 

different air tools etc. A pneumatic system often consists of compressors, a regulation system, 

exterior components such as air filters, cooling systems, silencers and a big network of 

different pipelines that transports the compressed air around the facility, and much more [4].  

The compressor is a machine that is made for increasing the pressure of a gas, which also 

increases the density of the gas. That is the primary difference between fans and compressors. 

Alvarez [6] explains that when the gas passes a fan, its density is considered constant. It is the 

density change that is caused by the compressor that make the gas other conditions to change, 

which leads to that the thermodynamics laws must be used in calculating the compressor work 

[6]. In compressing air there are five theoretical ways of doing and they are isobar, isochore, 

isothermal, isentropic and polytropic. 

In compressing air (or gas) there are two fundamental principles, displacement and dynamic 

compression. Among the displacement compressors there are piston and scroll compressors, 

and different kinds of rotating compressors like screw, tooth and vane. The displacement 

compressors works in the way that they reduce the volume of the container that contains the 

gas, which creates a greater pressure of the gas. The most common displacement compressor 

is the bicycle pump. In the dynamic compressors the gas is sucked in to a fast rotating 

compressor impeller and accelerates it to a higher velocity. The gas is then released through a 

diffusor, where the kinetic energy is changed into static pressure. The dynamic compressors 

are usually turbo compressors with radial or axial flow, and are made for bigger volume flow 

[9] [5]. 

A pneumatic system includes three different groups. The first group is usage, it includes the 

consumers in the form of equipment that uses compressed air to perform a useful work. In the 

second group, distribution, which includes the pipeline with four major parts: riser, 

distribution and service pipes and finally pneumatic fittings. The third and final group is 

production, this includes what it is for type of compressor and associated air handling 

(treatment) components [1]. 

Compressed air system consists of large interconnections of pipelines carrying around the 

compressed air to different parts of the plant. Larger networks can be divided into four main 

parts which are: 

 Riser, the pipe that go from the compressor unit and moves the air to the point of 

consumption. 

 Distribution lines, distributes the air in the workshop. 
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 Service pipes, they take over after the distribution lines to get the air to the 

consumer/workplace. 

 Pneumatic Fittings, they are there to connect the user with the service cable [1]. 

 

When the designing of a compressed air system is done, it should be in a way that the 

necessary pressure and flow can be provided at each point of use. And it will also endeavor to 

have the correct air quality and that the leakage is at its minimal [6]. 

Gas laws 

In compressing air there are a couple of fundamental gas laws that needs to be considered 

when working with it. Here are some of them presented: 

Boyle’s law – if the temperature is constant the product of the pressure and volume is 

constant. That means if the compression halves the volume, the pressure will be doubled 

assumptively that the temperature is constant [7].  

𝑝1 ∗ 𝑉1 = 𝑝2 ∗ 𝑉2  (1) 

Charles’s law – if the pressure is constant the volume of the gas varies with direct proportion 

to the absolute temperature [7]. 

𝑉1

𝑇1
=

𝑉2

𝑇2
   (2) 

General gas law – Is a combination of Boyle’s and Charles’s law that states how the pressure, 

temperature and volume are dependent on each other. When one of these three variables is 

changed, it will directly affect at least one of the two remaining variables [7]. 

𝑝∗𝑣

𝑇
= 𝑅 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡  (3) 

Air basics 

Air consists of a mixture of many gases, and when dry air is examined at near sea level the 

gas is composed essentially of nitrogen (78%) and oxygen (21%) of its volume. The last 

percent of the air is made up by a mixture of other gases like argon, carbon dioxide and neon 

[10]. It is a gas that is colorless, odorless and tasteless. Air is considered to be a mixture of 

dry air and water vapor, the air that contains water vapor is called moist air and the humidity 

can vary widely. The maximum water vapor that the air can contain will increase with a rising 

temperature. It is the moist air that can start problems for the pneumatic system. Because 

when the air is compressed the water concentration get higher and the temperature of the air 

will rise, which will make the air able to contain more water before the air reaches the dew 

point. The dew point, is the point where the temperature is when the air is saturated with 

water vapor, and when the temperature is under that point the water in the air will condensate. 

To take care of the moisture from compressed air, there are five different techniques to 

consider: Cooling plus separation, membranes, over-compression, absorption and adsorption 

drying [5]. 
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Air quality 

When a compressor is operating it will absorb the air within its reach, and the air can include 

impurities that can be derived from broken gaskets, rust or other wear that have been on the 

system. When the air is compressed the impurities will get concentrated, which can affect the 

compressed air system. It is therefore important for the user of the system, that the 

compressed air has the right quality. If the contaminant comes in contact with the end product, 

there may become additional costs. Some undesired substances which may be present in the 

compressed air system may include water droplets or steam and oil in aerosols or drops. It can 

also occur dust. To prevent these substances to be released into the system filters, after coolers 

or water and oil separators can be installed [11] [5]. The Table 7 shows the air quality 

requirements of ISO 8571-3.  

Table 7. Quality of compressed air according to ISO 8571-3. 

Quality 

class 

Contamination 

particle size 

[μm] 

Contaminants 

max. 

concentration 

[mg/m3] 

Water max. 

pressure 

dew point 

[°C ] 

Oil max. 

concentration 

[mg/m3] 

Examples 

of 

application 

1 0,1 0,1 - 70 0,01 

Instrument 

air 

2 1 1 -40 0.1 

Breathing 

air 

3 5 5 -20 1 

Production 

air, Food 

industry 

4 15 8 3 5 

Production 

air, 

instrument 

air,  

spray 

painting, 

blasting 

5 40 10 7 25 

Production 

Air, air 

tools, 

motors in 

continuous 

operation 

6 - - 10 - 

Working 

Air, air 

tools, 

motors in 

intermittent 

operation 
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Air drying 

The water that condensates out in the pipe system needs to be taken cared of before it starts to 

cause problems in the system. At wintertime it can cause problems like frozen pipes, the moist 

air can also lead to corrosion in some components [5]. Here are the five examples of dealing 

with the moist air explained. 

Cooling plus separation 

An air cooler is a heat exchanger that has a cooling system that uses water or air for cooling 

down the compressed air, which has gain an increased temperature from the compression. 

That will make the water to condensate in the after cooler instead of inside the pipe system. It 

is also usually founded with a water separator that has automatic drainage, and should be 

installed close to the compressor. The amount of the precipitated condensation water that is 

collected in the after coolers water separator is 80 to 90 %, the after cooler is now-days often 

built into the compressor [5]. 

One more component that uses this kind of technique is the refrigeration dryer, which also 

uses cooling for separating the water condense from the air. The cooling of the air occur 

through a closed refrigeration system and are often used at a dew point between +2°C and 

+10°C. Before the air leaves the refrigeration dryer, the air is reheated to the surrounding 

room temperature, so it would not form anymore condensation on the outside of the pipe 

system [5]. 

Membranes 

This kind of dryer uses selective filtering of the components of gas in the air. It is built up by 

a cylinder with an internal covering, consisting of thousands tiny hollow polymer fibers. 

When the compressed air goes into the cylinder, the membrane filter consisting of the 

polymer filter. Will collect the water condensate in the filter and let the dry air continue 

passing through. They can also be used for removing gas components depending on what type 

of fiber material that is used in the membrane [5].  

Over-compression 

The method of over-compression may be the easiest way of drying the air. But it is not 

suitable for high flow rates because this method require much energy. The high energy usage 

is because when over-compression is used, the air is compressed to a higher pressure than the 

intended working pressure. The higher pressure leads to increasing of the concentration of 

water vapor and when the air is cooled the water vapor condenses out. Afterwards the air 

expands to the desired working pressure [5]. 

Absorption 

The absorption dryer uses an absorption material to bind the water vapor in the air and it is a 

chemical process. The material can be solid or liquid, and are often sodium chloride and 

sulfuric acid. But when using these materials there is always a possibility of corrosion in the 
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pipes. The absorption dryer is an unusual drying method, because it consume much absorbent 

materials and will only lower the dew point by a limited extent [5]. 

Adsorption 

The adsorption dryer works like the absorption dryer. It uses a hygroscopic material that the 

moist air flows over for drying the air instead of an absorption material. The material can be 

silica gel, molecular sieves, activated alumina etc. After some time the hygroscopic material 

will get saturated with absorbed water, which is why these kinds of dryers are built with two 

drying vessels. The first one will dry the incoming air and the other will be regenerated during 

that time, so when the first one is saturated the second one will take over. The normal pressure 

dew point that achieved with these dryers are -40°C, and are good dryers to use for more 

critical applications that are in need of very dry air [5]. 

The five theoretical ways of compressing air 

Isobar 

The isobaric process often occurs in heating technology. Heat exchangers, gases in pipes or 

streaming of steam can be treated as an isobaric process, if the pressure drop in the system is 

small in relation to the medium pressure. Because an isobaric process is when the system 

pressure keeps the same value the whole time, from the initial until the final state. An 

example of this is heating of gas in a cylinder with a constant loaded piston. The relation of 

the amount of heat supplied looks like [12]. 

𝑄 = 𝑚 ∗ 𝑐𝑝 ∗ (𝑇2 − 𝑇1)  (4) 

Isochore 

An isochoric process occurs when cooling or heating a gas, and the gas is trapped in a closed 

container. The isochoric process is when the pressure changes while the volume is held 

constant during the whole process. To see the equation for a process like this, look at equation 

(5) [12]. 

𝑄 = 𝑚 ∗ 𝑐𝑣 ∗ (𝑇2 − 𝑇1)  (5) 

Isothermal 

The isothermal process can be seen as an expansion or compression of a gas in a cylinder. If 

the gas have the same temperature as the surroundings right from the beginning, and the 

cylinder is uninsulated and the process is very slow. Because then the gas can maintain in 

constant temperature, this is practically unrealistic because a process that slow is not possible 

to realize. The isothermal process is when the working pressure of the medium is maintained 

constant throughout the process. The relationship for the abducted amount of heat looks like 

the following formula [12]. 

𝑄 = 𝑚 ∗ 𝑅 ∗ 𝑇 ∗ ln (
𝑝2

𝑝1
)  (6) 



26 

 

𝑄 = 𝑚 ∗ 𝑅 ∗ 𝑇 ∗ ln (
𝑉2

𝑉1
)  (7) 

Isentropic 

The isentropic process occurs when no heat is exchanged with the surroundings. When a gas 

is compressed without heat transfer to the surroundings in a fully-insulated cylinder is one 

example of a process that is isentropic. It can also occur when the gas changes its state so 

rapidly that no amount of heat have the time to pass through to the surroundings. The 

relationship for the isentropic process looks like the following [5]. 

𝑝2

𝑝1
= (

𝑉1

𝑉2
)𝑘 →

𝑝2

𝑝1
= (

𝑇2

𝑇1
)

𝑘

𝑘−1  (8) 

Polytropic 

The polytropic process is something in between the extremes isentropic and isothermal, in 

reality all the processes are like that. This is because in the isentropic process no heat is 

exchanged to the surroundings, for the isothermal process it is the opposite, the heat is fully 

exchanged to the surroundings. These two extremes can never be exactly realized in working 

machines. The n is the polytropic exponent and are adjusted for the real process [12]. 

𝑝 ∗ 𝑉𝑛 = 𝑐𝑜𝑛𝑠𝑡𝑎𝑛𝑡  (9) 

Compressors 

The normal way for a practical compressor is to work in a plytropic process. It is between the 

true isentropic and isothermal processes. The isothermal will still be de ideal process and 

there are endeavors from the compressor designer to get as close as possible to this process. 

Only a few percentage of reducing the input power can make significant difference to the 

operational-economy in compressing air. A solution for making the compression more 

effective is multi-stage compression, with intercooling between the stages. This is a widely 

used technique. For making the multi-stage compression the most efficient as theoretically 

possible, the same pressure ratio should be used at each stage. This kind of compression 

increases the volumetric efficiency and reduces the power usage. The total work for the 

compression should be divided equally between the stages for minimizing the power input. To 

evaluate the overall efficiency and to estimate the power used in the compressor, the used 

power for running the intercooling process needs to be included. The increasing of final 

pressure and required capacity is the desirability of multistage operation. The multi-staging 

process can also be valuable because the temperature needs to be limited for the components 

in the compressor, and the intercooling can achieve that. Another method to reduce the 

polytropic exponent in single-stage rotary compressors is oil or water flooding. For evaluate 

the different methods it can be good to compare the power required for the various cycles 

mentioned in “The five theoretical ways of compressing air” with a two stage compressor [7].  
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When using a pressure ration of 8:1 the theoretical power of liters per second in compressed 

air is 0.208 kW isothermal. 0.284 kW for the isentropic process and for the polytropic process 

with the exponent 1.2 the power is 0.248 kW. The tow stage compressor use 0.242 kW. But 

there is mechanical complications that will impose a practical limit to the number of stages 

that are possible in a given application. To estimate the compressors performance, it is 

necessary to make a difference between the various types of efficiency and source of power 

losses. Because in reality the compressor is burdened by more than the thermodynamic losses. 

These kind of losses can be leakage past the compression element or the piston, the inlet air 

can be too hot, which will result in reduced density and that leads to reduction in capacity. It 

can also be because of the power absorbed by the lubrication pump and the cooling fan, and 

more [7].  

As said in the beginning of this attachment, there are several different compressors of two 

types, dynamic and displacement. In Figure 4, the basic types of compressors are seen.  

 

 

Figure 4. The basic types of compressors [7]. 
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Piston Compressor 

The piston compressor consist of one or several different cylinders with a piston driven by a 

motor. The air is sucked into the cylinder and compressed in one or several stages to the right 

operating pressure. They come in oil lubricated or oil-free compressors. The oil-free piston 

compressor will require frequent changes of stock and piston rings, this will not be needed in 

the oil lubricated compressor. But when using an oil-free compressor the compressed air will 

be free from residual oil. This kind of compressor are suitable in low flow needs, and a 

pressure up to 8 bar for the one-stage compressor. The multi-stage piston compressor can 

deliver a pressure up to 300 bar. If a piston compressor is air cooled the load rating should not 

exceed 60 percent [13]. 

Rotary screw compressor 

The screw compressor compresses air through a spaced formed between two counter-rotating 

screws. Together with the surrounding compressors housing is the so-called screw drive. This 

kind of compressor is mainly working in two different principles. The liquid injected or dry 

screw compressor. Both variants exist in one or two stage models. The liquid injected 

compressor cools the air with a coolant directly into the compression space between the 

screws. That can make the compressors operating temperature to reach a constant temperature 

of 80 degrees Celsius regardless of the load and pressure. The screw compressor is suitable 

for either intermittent or continuous operation. The operation economy will be optional with 

operations with a high load rate, up to 100 percent. With modern technology a speed control 

can make the screw compressor, that works at low or varying air demand to reduce the energy 

considerably compared with prior art. The liquid-injected screw compressor single-stage, are 

mostly used for a pressure of maximum 13 bar, and the capacity up to 30m3/min. This is the 

most common compressor used by the industries. The dry running rotary screw compressor, 

compresses air without cooling in the compression space. Therefore can the operation 

temperature rise to around 200 degrees Celsius, even though the pressure only is 3 bar. When 

a dry rotary screw compressor is working at normal industrial pressure, about 7 bar, the 

compression needs to be done in two stages, with cooling of the pressurized air between the 

steps [13].  

Control of the compressor 

There are five ways for controlling the compressor in a compressed air system. Each of them 

have pros and cons in the energy efficiency and for the performance in the system.  

Start and stop 

The start and stop control is the simplest way of controlling the compressor and also the most 

efficient strategy. It works in a way that the motor driving the compressor is turned on or off 

in response to the discharge pressure of the machine. The motor is given a start/stop signal by 

a pressure switch. This kind of control system is not appropriate for compressors over 30 

horsepower (22.1 kW) in size. The technique can be applied to either reciprocating or rotary 

screw compressors. A negative thing to bear in mind is that repeated starts can cause the 
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motor to be overheated. This will lead to greater demand of maintenance on the compressor 

components. To prevent this the sizing of storage receivers should be carefully planned and 

the pressure intervals should be kept wide for keeping the motor starts to an allowable limit 

[14]. 

Load and unload 

This control system can also be called online and offline control. In this technique the motor 

is running continuously but the compressor unloads when the discharge pressure is at the right 

level. The disadvantage for this control system is that when a rotary screw compressor goes 

unloaded the compressor is not producing any useful compressed air output, but is still using 

up to 15-35 percent of its full load power. For counteract this, there are optional unload timers 

available. This will automatically turn of the compressor and placing it in strandby, if it runs 

unloaded for some time and that will save energy. To have a load and unload control system it 

will require a significant receiver capacity for having an efficient part load operation [14]. 

Modulating control 

The modulating control is working in a way that it varies the compressor output to meet the 

required demand of flow, by adjusting the inlet valve. That will result in air restrictions to the 

compressor. This is also disadvantage for the rotary screw compressor, because when fully 

modulated at zero flow the compressors use 70 percent of the full load power. But the use of a 

pressure switch can reduce the unloaded power up to 15-35 percent. For operating lubricated 

screw compressors this technique is the least efficient [14].  

Variable displacement 

To vary the lubricated rotary screw compressor output capacity a special capacity valve can 

be used, also called spiral, turn or poppet valves. This along with a variable displacement 

control scheme, the output pressure and compressors power usage could be closely controlled. 

This without having to start and stop or load and unload the compressor. The efficiency of this 

control technique is good for operations above 60 percent loading time. Here can the usage of 

a pressure switch also make the power usage significantly better for controlling flow below 40 

percent [14].  

Variable speed drive 

The method of using variable speed drive, varies the speed of the compressor which responds 

on the changes of air demand. It adjust the speed of the motor to match the variable demand 

of air flow and maintain the pressure at the same level. When the compressor drops below the 

minimum speed drive, these kind of compressors usually have on and off or load and unload 

control. To really benefit on the variable speed drive compressors they should be considered 

for the partial load, the supply of fluctuating or trim load. This is the most efficient way of 

taking care of the partial load operation. Because they are able to contain the right pressure 

level through a wide control range. Also that the energy usage and flow is directly 

proportional to the speed. Compared to a fixed speed compressor in partially load this method 
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can result in energy savings. But, bear in mind that a full load compressor with variable speed 

drive use slightly more energy than a similar sized compressor with fixed speed. The best way 

to benefit this is when there are multiple compressors in a facility. The compressors with 

fixed speed, should cover the base load and the compressor with variable speed control would 

then cover the different demands of air flow [14].  

Leakage in compressed air systems 

The air leakage in a compressed air system is very common. By analyzing the routines and the 

use of compressed air in a factory, suggestions can be found for providing a more balanced 

load on the system. The usual dissipation of air is from leakage, old equipment and a misuse 

of the compressed air etc. For the problem mentioned last the solution is to increase the 

general awareness about compressed air systems among the personal in the factory. Some 

other solutions is to separate the compressed air system into different sections with a shut-off 

valve. This could lead to reduced air consumption during the night and weekend. An 

assumption of air leakage is that there is frequently about 10 to 15 percent leakage of the 

produced compressed air. It is usually said that a leakage of five percent is to be allowed in 

the system. The leakage will be proportional to the working pressure in the factory, because 

the leakage will provide a pressure drop. Which means that the compressor needs to provide a 

higher pressure, but when that leakage is covered the compressor could go back to normal 

operation pressure. For an example, by lowering the pressure with 0.3 bar will reduce the 

leakage by 4 percent. Therefore should the objective for the maintenance personal be to make 

the leakage as little as possible. The locations which the leakage is most commonly are 

coupling, valves and hoes connections. The entire system should have regularly intervals of 

leakage detections. In Table 8 is the effects of leakage in the compressed air system presented. 

It shows how much extra power that is needed for cover the leakage from different diameter 

sizes of holes. Even a small leakage hole can reduce the efficiency and waste power. It is 

based on the power needed is 300 Watt per liter [8] [9]. 

Table 8. The power to cover leakage [9]  

The hole diameter 

[mm] The leakage flow at 7 bar [l/s] 

Power to cover the leakage 

[kW] 

0.5 0.2 0.06 

1.5 1.8 0.54 

3 7.1 2.1 

6 28 8.4 

Methods to determine the leakage 

There are two different methods of determine the amount of leakage in a compressed air 

system. The first one is to try to determine the volume of the whole piping system. Pressurize 

the system to the normal operating pressure (P1) and when that is done, shut down the 

compressor. Then close the receiver valve and try to make certain that all the equipment and 

accessories are well isolated. Check for the time it will take for the system to decrease to a 

seatrain pressure, approximately 75 percent of the operating pressure (P2). The leaks in liter 

per seconds of free air, is then given by the following formula [7]: 
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𝑉 ∗
(𝑃1−𝑃2)

𝑡
   (10) 

The other method is to use a compressor with known capacity as a measuring device. The 

compressor should then operate at full load with all the equipment isolated. The when the 

compressor comes up to the right operating pressure, it will unload. Due to the possible leaks 

in the system the air pressure will fall and cause the compressor to come on load. Take the 

duration of the time period, for which the compressor is on load in seconds (T) and for the 

time the compressor is off load (t). This procedure should be repeated and recorded at least 

four times. The compressor capacity is Q in liters per second, which will give the air delivered 

as Q times T. And the total running time is to combine the on and off load time, T+t. Then to 

get the average leakage, the following formula can be used [7]. 

𝑄𝑇

(𝑇+𝑡)
 𝑙𝑖𝑡𝑒𝑟/𝑠   (11) 

Flow through pipes and pressure drop in compressed air systems 

To define how a gas flow patterned is governed there are very complex mathematical 

relationships and to determinate its accurate flow characteristics can be extremely difficult. It 

is necessary to know the behavior of the flow, for an engineer working with pneumatic 

systems. The flow is something that affects the determination of the pressure drop in pipes, 

also the size and the material of the pipes influence the pressure drop. It is also good to see 

what effect there is of putting in valves and fittings in the pipe system, and the average 

velocities of the flow in the system. When all these factors are known, the pressure at the end 

of the pipe can be calculated and that is sufficient to know for operating a piece of equipment. 

For achieving this limited goal there are some theoretical simplifications available [7]. 

Determination of the pressure drop 

A knowledge about the relations between volume and pressure is required for determination 

of the pressure drop. Because it is hard to estimate the total pressure drop in a particular 

system. Therefore are there two extremes to take into consideration, which are two of the five 

ways to considerate in compressing air, isothermal and isentropic. 

The isentropic flow or in this situation, an adiabatic process because this is a process that is 

irreversible, can be used on pipes that are short and well isolated. The isentropic flow is not 

the usual assumption since it is more sever to analyze than the isothermal flow. But it is also 

because the isothermal assumption is more similar to the real situation in the pipe. When the 

air in the pipe rapidly reaches the ambient temperature and stays constant, even if the pipes 

are well isolated. The first thing to study for finding out the pressure drop is the Darcy-

Weisbach formula which applies to an incompressible fluid but it also works well on 

compressible flow [7]. 

∆𝑃 =
𝜌∗𝑓∗𝐿∗𝑣2

2∗𝐷
  (12) 
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The variable f in the formula is for the Darcy friction factor and that factor is obtained 

experimentally. One thing that effects the Darcy friction factor is the Reynolds number for the 

flow, if it is laminar or turbulent. On this friction factor there have been many measurements 

on various pipe materials, internal roughness and sizes. But when the Reynolds number gets 

too high, the friction factor will instead of being dependent on the Reynolds number, go over 

an be primarily dependent on the absolute roughness in the pipe. This is a state when full 

turbulence is reached. Table 9 shows the absolute roughness for different pipes that could be 

used in pneumatic systems [7]. 

Table 9.  Absolute roughness for various pipe types [7] 

Material Absolute roughness in mm 

Cast iron, coated 0.15 

Cast iron, uncoated 0.3 

Steel, coated 0.06 

Steel, uncoated 0.03 

Wrought iron 0.06 

Drawn pipes, steel, copper, etc. 0.003 

Alkathene, etc. 0.003 

UPVC, cemented joints 0.03 

UPVC, O-ring joints 0.06 

Glass fiber 0.06 

Concrete 0.15 

For the result in the Table 9, it is necessary to considerate that the values presented is for 

clean new pipes. After some time it can form rust and other deposits in the pipe, which will 

increase the absolute roughness in the pipe. In the worst case it can cause the inner diameter 

to narrow. Therefore should 25 to 50 percent be added to the theoretical friction factor for 

making it more realistic [7]. 

To find out what interferences like valves, changes of flow direction through bends and cross-

section changes does to the pressure Table 10, could be studied. Inserting of a fitting or such 

will make the pressure to drop and that could be calculated into the equivalent length of a 

straight pipe which is the same diameter as the fitting. This is the usual way for the suppliers 

of fitting to provide information about their product [7]. 
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Table 10. Equivalent length in meters [5] 

Type of 

component Inner pipe diameter in mm 

  25 40 50 80 100 125 150 200 250 300 400 

Ball valve, Open 0.3 0.5 0.6 1 1.3 1.6 1.9 2.6 3.2 3.9 5.2 

Ball valve, Half 

open 5 8 10 16 20 25 30 40 50 60 80 

Fully open 

diaphragm valve 1.5 2.5 3 4.5 6 8 10         

Fully open, 

Angle valve 4 6 7 12 15 18 22 30 36     

Poppet valve 7.5 12 15 24 30 38 45 60       

Flap check valve 2 3.2 4 6.4 8 10 12 16 20 24 32 

Elbow R=2d 0.3 0.5 0.6 1 1.2 1.5 1.8 2.4 3 3.6 4.8 

Elbow R=d 0.4 0.6 0.8 1.3 1.6 2 2.4 3.2 4 4.8 6.4 

Bend, 90˚ 1.5 2.4 3 4.5 6 7.5 9 12 15 18 24 

Tee through-

flow 0.3 0.4 1 1.6 2 2.5 3 4 5 6 8 

Tee side-flow 1.5 2.4 3 4.8 6 7.5 9 12 15 18 24 

Reducing nipple 0.5 0.7 1 2 2.5 3.1 3.6 4.8 6 7.2 9.6 

The compressed air distribution 

There are two alternatives for distributing the compressed air in a pneumatic system, which is 

ring main or dead end main. The dead end main is good when the compressed air is 

distributed on a short distance, which leads to reduced pressure drop and it is also a cutback 

for the cost of the pipes. The drawback for systems like these are the low flexibility but it can 

be extended through using split flow main, which is taking two separate mains from the 

compressor, as seen in Figure 5 [7]. 

 

Figure 5. A split flow main system. 
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The ring main system has its benefits from being a closed circuit, which will make the 

velocity of the air lower in the main and the pressure drop to be reduced. It can be seen as a 

reservoir, because a ring main system can contain appreciable large volume of air. This will 

assist to maintain the pressure at any point in the system, also if the system is extended by 

adding a single branch. The branch can take its needed supply from both ends of the main. 

These kinds of solutions gives maximum flexibility in the system with functional advantages 

and in general the ring main system is the preferred choice. Irrespective of which main that is 

selected, the most important part to take account to is that the pipeline should be of the best 

suitable size for the right maximum demand, without making the pressure drop to significant. 

The pressure drop represents a power loss and to lower the pressure drop in the system means 

that the operation range can be reduced [7]. 

 

Pipe sizing 

A problem for the compressed air system is to determine the right pipe size for the system. 

The first thought can be that a larger pipe is the way to go for minimizing the pressure drop. 

This is right thinking but also a little bit dangerous. Because when installing the larger pipes, 

the compressors will have a larger volume to cover. The extra volume will then go to waste 

during shutdowns. For compromising this problem a reasonable solution needs to be found, 

taking account to the acceptable pressure drop at the point of use. The best well-rounded 

method is to calculate the flow rates throughout the whole system. A situation that could be 

critical is when all the items of equipment are functioning simultaneously and the pressure to 

operate them is correct. In the ring main system the flow will come from two direction, as said 

in the paragraph, The compressed air distribution. That can lead to, that the pressure available 

at the extremes in the system can vary by the demand [7]. Here will one empirical rule be 

suggested for determination of pipe size: 

First one is to limit the velocity of the air to 15 m/s. The British Compressed Air Society 

recommend 6 m/s for avoiding moist air to be carried over into the pipe system. A good 

compromise it to keep 6 m/s in the main pipes and 15 m/s for the branch pipes that does not 

exceed over 15 meters in length. This criterion is from applying the velocity limitation which 

results in the following formula, q is in l/s and p is in bar [7]: 

𝑞 = 0.0007854 ∗ 𝑣 ∗ (𝑝 + 1) ∗ 𝑑2 (13)  

In Table 11 the flow rate is calculated with equation 13 and from the limitation criteria, 6 

meters per second.  
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Table 11. The maximum rate of flow through different main pipe sizes [7] 

Inner pipe diameter Rate of flow at 7 bar [l/s] 

6 1 

8 3 

10 5 

15 10 

20 17 

25 25 

32 50 

40 65 

50 100 

65 180 

80 240 

100 410 

125 610 

150 900 

 

Centralized or decentralized systems 

A compressed air system could be built upon a centralized or decentralized system. With a 

centralized system means that the compressors are at one place in the system. With 

decentralized systems means that the compressors are scattered around in the system. When 

looking at a centralized system there are some advantages and some disadvantages. For this 

kind of system the capital cost per unit output usually decreases with the increased capacity it 

results in. It will also intend to operate in a higher efficiency, with a high load factor. When 

systems need large volumes a centralized plant will be the natural solution, they are more 

durable than the decentralized system. In centralized system the installed compressor capacity 

can be lowered and lead to better energy performances for process situations with diverse 

usage patterns. The potential to recover heat can be increased, particularly if hot water is 

needed. The collection of condensate will be simplified by grouping into one system and a 

greater security of supply thanks to, build-in stand in multiple compressors. But the 

disadvantages for this solutions is the extra space and distribution system that is required for a 

centralized system. The capital cost for the distribution system will get high, due to the larger 

distribution system that is needed which also can increase the leakage [15]. 

For the decentralized system the advantages are, that the distribution system can be kept small 

and that will make a lower capital cost. The distribution system can easily be extended and 

altered. It can also be zoned so that it more closely matches the demand patterns. If some 

particular section in the plant needs a varied output and/or pressure this solution is to prefer. 

During periods of low demand the compressors and/or associated equipment could be shut 

down with only local effect. The heat recovery may be simplified due to an individual 

compressor can be close to where the heat is needed. The decentralized system can also 

reduce the size and length of the pipes which leads to smaller leaks. The disadvantage in this 
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solution is that the equipment seems to be less robust and get a shorter operational lifetime. 

The smaller machines in the system tends to be less efficient and the quality of the air, 

maintenance and control may be inferior to centralized systems [15]. 

Distribution of costs in compressed air systems 

In the industrial production of compressed air the electric energy is the most usual energy 

source. Normally, the loss of useful work in a compressed air system are distributed, leakage 

is equivalent to 20 percent, inefficient regulators are four percent, engines that are inefficient 

six percent and a non- central control system twelve percent [8]. Therefore, it becomes 

important to make the operation of the compressed air system as optimal as possible, when 

purchasing a new compressed air system is done. Because it will be the biggest cost of your 

compressed air system during its total technical lifetime. But there are certain parameters that 

the designers should bear in mind given to the future, possible expansions and new 

requirements may affect the air installation. The possible additional costs, that may arise when 

an investment of a compressor with energy recovery and other equipment for optimal 

operation of the compressed air system, the repayment period usually becomes one to three 

years [5]. The Figure 6 reflects the percentage distribution of the compressed air system costs 

through the compressors lifetime. 

 

Figure 6. Distribution of the cost for a compressed air system [5]. 

Saving methods 

To manage the high energy usage in the compressed air system there are different saving 

methods to considerate for making the system more energy efficient.  

There first thing that is always good to look at is the excess heat which is the byproduct from 

all compressed air system. By connecting a unit that can take care of the excess heat in the 

system, only the consumed energy need to be founded. The recovered heat energy will be 

very favorable for the energy efficiency. There are two different methods for taking care of 
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the excess heat and they are dependent on what kind of cooling system the compressor have, 

if it is air or water cooling. The heat recovered from an air cooled compressor central can be 

the most conveniently way of taking care of the heat, because the heat is recovered through 

the ventilation system into the nearby buildings in need of heating. A negative factor for the 

air cooling system is the limitation of the capability for the heat transportation in the air. 

There is also a negative factor on warm days, when the nearby buildings are not in a need of 

heating from the ventilation system, the compressors release the warmth out into the air, and 

not to the ventilation system [5]. 

Heat recovered from a water cooled compressor central provides more opportunities and can 

lead to a higher efficiency. Through the heat-exchanger the water temperature can be 

increased up to 90-95 degrees Celsius. The hot water can then be transported by the water 

systems pipeline to where it is needed, where it can be used as process water, tap water, 

heating coils or for heat the return water in the central heating system, etc. [5]. Another 

element that comes into play in a compressor efficiency, is dependent on whether the 

compressor is oil lubricated or oil-free, which may affect the recovery of about 20 percent. An 

oil-lubricated compressor has the potential to recycle 94 percent energy. It can mean a 

profitable and great savings over the compressors total running time. Other methods for 

potential savings may be to cover leaks, improve the regulation system of the compressed air 

system, monitoring of the system, make analysis and controls over the facility and the use of 

more advanced compressors with variable speed drive [11]. 

The regulation method is done by using a control system for all the compressors in the facility 

which can provide a reduced energy usage in the compressed air system. Because it 

contributes to optimization for the entire system, to operation and pressure. The control 

system can also connect the compressors in the plant, leading to a lower pressure interval 

which in turn can lead to exceeded technical lifetime for the compressors. The lower pressure 

interval is also good for the energy usage, because it takes approximately eight percent more 

energy to raise the system one bar in pressure [5]. 

Monitoring and measuring of the compressed air system allows advanced analyzis to be 

performed on the system, to trace and detect losses. Detailed reports on the system operation 

and economic parameters can then be created. These analyzes can provide information about 

the leakage and the pressure drop in the system. Unprofitable consumption of air are usually 

worn out equipment, constant flow of leakage, a method that are not sufficiently optimized or 

misuse of compressed air [5]. 

To make the technical lifetime longer for the compressed air system and preventing an 

unnecessary high pressure drop in the system a regular maintenance is recommended. The 

increased power for compensating the pressure drop will increase the energy usage and 

increase the cost. The pressure drop is usually increased due to under dimensioned piping 

system or clogged filters. Therefore it is important to have maintenance for cleaning the filters 

which will lead to lowering the pressure drop in the system [5]. 
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Environmental impact 

A reduction in the electrical use of the compressors in a pneumatic system will have a direct 

connection to reduced carbon dioxide emissions. Electricity does not generate any emissions 

locally where it is used, but on the other hand, carbon dioxide and other environmental and 

hazardous materials occur during the production of electricity. Sweden have low carbon 

dioxide emissions in their electricity production, an average of the CO2 emissions per kWh 

between the years 2009 and 2011, was 21 grammes CO2/kWh. If the average of whole Europe 

are taken into consideration at the same period it will show that Swedish emissions of carbon 

dioxide are low, in Europe there was 293 grammes CO2/kWh. An important thing to 

remember is that the electricity in Sweden which is not used, can be exported to countries that 

have higher carbon dioxide emissions in their electricity production. In the whole perspective 

this can lead to lower total emissions from the electricity production in Europe. For the case 

of this study the CO2 emission intensity for Czech Republic and China are also relevant, this 

is countries where Ljunghäll AB have facilities, and will have production in soon. Czech 

Republic is one of the countries with the highest emissions of carbon dioxide in the electricity 

production in Europe, with 589 grammes CO2/kWh. In China the CO2 emissions per kWh 

from electricity generation is 771 grammes [16]. 

 

Requirements for compressed air systems in Sweden 

An investment of a new compressed air system can affect a company's operating costs 

through reduced energy usage that can be obtained from the investment. Swedish Energy 

Agency [1] has chosen to prepare a document that sets standards of corporate investments in 

compressed air systems. The document will provide a guide for achieving high energy 

efficiency. The requirements are divided according to the following groups; usage, 

distribution and production [1]. 

Usage 

At dimension flow the pressure drop in the service unit with a hose should not exceed 0.4 bar. 

Couplings, tubing and service units should not leak. Pressure in the connecting line minus the 

pressure drop in the service unit with hose, corresponds to the dimension pressure of the tools 

and machines at the point of use. There should also be a cutoff on the pressure lines, which 

should be automatic. When the compressed air supply is not needed the cutoff could turn it 

off. The requirements on the machines and tools in the system, and if there are tools that are 

less than or equal to six bar is good to specify in detail. Local adjunctive should be used first 

if the air quality needs to be improved. Requirements for air quality are set according to ISO 

8573-1 [1]. 
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Distribution 

The pipe system must have welded transitions and welded equipment, to the extent 

possibilities. There should also be a ring main system that will be dimensioned for a 

maximum pressure drop of 0.1 bar. The pressure drop of 0.1 bar, should be between the 

output line from the compressor and the point that is located farthest from the system. The 

maximum allowable pressure drop for the various lines in the system are divided as follows: 

riser 0.03 bar, distribution pipe 0.03 bar and service pipe 0.04 bar. There should not be any 

leakage in the pipe system and it should be sectioned with consideration to the service facility 

and the factory’s various air requirements. There should be cutoffs on the distribution network 

exit points, which can be controlled automatically. Distribution with a higher pressure than 

seven bars should be avoided. If higher pressure is required in some places a single 

compressor should operate. It should be taken into consideration before the insertion of a local 

air receiver, at exit points with temporary high flows. Location bound peak load compressors 

should be avoided. Finally the riser should be dimensioned with regard to the maximum 

extension possibility in the factory and any new constructions [1]. 

Production 

For processing and production of air, there is a specified annual average energy demand of 

0.11 kWh/m3 on free air, which must not be exceeded. It will also include energy usage for 

the dryer and a potential separated after cooler. Requirements for the maximum allowable 

pressure drop for different parts of a compressed air system must not exceed 0.35 bar for a 

dryer. Over filters value must not exceed 0.1 bar and for a separated after cooler with water 

separator 0.2 bar [1]. 

Further writes the Swedish Energy Agency [1] that the outgoing air temperature after the after 

cooler should be 10 degrees above the coolant temperature. If dehumidification is required, a 

less energy-intensive dehumidification method than absorption dryer should be used. 

Absorption dryer is the only choice that should be equipped with dew point control and not 

cold regenerating. The Swedish Energy Agency [1] writes further that facilities with multiple 

compressors should be equipped with electronic control, to achieve optimal control of the 

compressors. The compressors should be regulated with a load and unloading steering or with 

a variable speed control. Where the pressure level is matched to the requirements and held + / 

- 0.2 bar in the pipe that runs from the compressor unit. There should also be opportunity for 

night set on the system. An energy meter that measures up the electrical input such as 

compressors and other auxiliaries equipment requisite needs to exist. Every compressor 

should have an hour meter that measures up how much the compressor is running loaded. In 

the steering system or on each compressor, it is recommended to be able to do calculations on 

the volume, along with energy usage. It is also recommended that it should be readable by the 

three different measurements weekly, kWh/week, m3/week and kWh/m3. There should also be 

possible to develop partial load efficiency kWh/m3 in graph form, available for the 

compressors entire operating range for every compressor. Protective equipment for the entire 

facility components and materials should at least have protection class IP23 [1]. 
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There should be a maintenance interval with a limit of 40 000 hours, for possible 

arrangements. Estimated downtime and cost at every maintenance event must also be 

specified. Facility compressors should be adjusted so the air flow and intake air is the cleanest 

and coolest possible. The compressor should be prepared for liquid heat recovery, where the 

outgoing water temperatures are less than 70 degrees Celsius from the intercooler/oil cooler. 

The flow of coolant at partial load should be limited by the coolant temperature and should 

not fall below 60 degrees Celsius. The temperature out from the after cooler should be stated. 

The operational availability should be 98 percent with service included [1]. 
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